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Anaphora and Logical Form 



I • Introduction' ' 



Our objectives in this paper, ^re twofo-ld: ^ * ' * 

1^ to provide a computational approach to certain problems^ in 
anaphora in natural language; 

2. to .argue, in favor of formal* meaning representation languages 
(MRLs) for natural language. »^ - , ^/ . 

-These t*o objectives' are pot independent. Pt apppars that the 
solutions to ce/ tain . probleiTis in anaphora are best'' formulated 
with respect tor an • aporopr iatreTy structured log ical .MRL , • so that 
t*^C' Structural, entities out of' whicn sucn an i4RL'-^ is composed 

Vsudgefe^t possible -antecedents' for anabhor resolution. 

More ' specif ic^lly,' We have set ourselves the following 

problem: ^ what fo^ should a. 'meaning* r^pr^entat ion' assume in^ 

order to facilitate the ide,ntif ication o*f possible antecedents of 

anaphoric expressions, 'and what co^npu-tat iopal Tiechanisms does 

this task require? Moreover, we have chosen to investigate this 

problem of identifying a se.t of possible antecedents without 

^*iHtvoKing generaj. world knowledge. The'^separ a te issue of ohoosin^ 

* f 

• the most 'appropr iate ant|^edent from tHis se.t ^il,!'/ in general, 
'require plausiiile jeasoning -based ' qn such - general world 
knowledge. ' We are also aware of instances where §uch knowledge 
is required even to propose possible antecedents . Nevertheless^, 
in thi*s paper, our concern is to. ^xplare the i^mplfcations of ~a' 
purely , syntactic 'aporaach, a-s well as to ascertain ibs' 
limitations.'. It turns ''out that a 'surprisingly rich- class of 
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* * ' . * * 

anaphora^ both pronouns and ellipses.,, rs amenable to suQh an 

apptoach, provided that an appropriately structured logical MRL 

is used. , iWe ' shal.]^ .find- that the use of such an MRL leads to 

* par tieular ly simple\^ules -fo'r identifying- possible antecedents,. 

_ 'and . that the- structure of the ' MRL 'can be exploite^d 

*cdmputationally 'to preclude ce'^tain inappropriate ones. We shall 

also find that this task of identifying possrble referents is 

^ int^imately , ,bound up' with an •ability to .for m appropria.te 

i*?^i?^Ql them, and.tnat these des'cr ipt ions are," in* turn, 

intimately related to lo.gical form. 

II. Why ^29i.cal -^eaning f^f P^£sen tat^ons? / 

Although there is universal ^ag^eement ' within^ therr'AI" 
community that natural language understanding -systerns mast, 
provide some -underlying meaning representation ontyD which sui^face 
strings are mapped, the natyre oa this representation, remains a ^ 
contentious issue. One aspetr-fc at this, debate has to 'cJo with the-. 
f_oi;m that this representation should take. 'There appear to, be 
two points of view: logicalyfocjns [e.'g., Sahdewall, 1971; Woods, 
et al, 1972]/an"d stVuctWy^d aetworks -le .g Wilks , 1975 ; . Schank , 
1975; Simmons, 1973] 

• The distinction JSetween these alternatives appears tb'^^ be a 
^significant one siince logical forms"*are. clearly formal . languages 
- within which ~meanangs of surface string-s are represented, whereas ^ 
the latter are/labeled graphs vjhich >somehow-d:^p:r e^en t thes.e same 

- 3 - 
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meanings'. , This^ di s t inctj ion quickly -evaporates, however, the 
moment one obser^ves that a, ^network, is basically' a particular 
choice of representation (at the ijllplementa t ion level )^fqj;^ some 
(conceptual level) logical 'form. We interpret .the work^ of 
Schubert [19,76] and SiropS'n^s and Bru'ce •( 1^7'1 ) as supporting this 
point of -view. ^ ' \ • * • • ^ 

V Despite this lack of. any^ formal disti-hcfion between networks 
and logical forms, there is a widesprea'd bias within *the AL 
comnnuhity against^ logical MRLs for naturai^^^^guage 1 [See for 
examole', Charniak and Wil^ks, 1976]. We susoect that bh.ere ' are 
two implicit ass-amptions underlying this anti-formal point of 
view^ • c ^ ^ . 

'1. that tie choice of a logical , form necessarily implies a 
commit nent' to a corre'sponding proof theojtry as one's sole 
computation mechanism; ' ^ ' . 

2, tH'fet logical forms mu.st haye their "natural" . i^presentation 
. at the implement'ation. ..level,.'' " e.g., tn^t 

(X) (Ey- . Px,y^ & Ox,y . must be J represented..^ by the 
3-oxpr^ssion ('(X)l^ YO (AND (i? X Y) fO X Y) ) ) . 

Neither of these assumptions, is justified. we have already 
observed that networks can toe best viewed'as implementation level 
r epcesenta^t ions for logical forms, and as we S^fiall show in 
Section IV./ t)r^ computations that' we prapose for anaphor. 
resolution within a. logical MRL an^ iri no way based on any kind 
of proof theory. . * ^ . 

---If it - is. the case then that logical forms and networks are- 



one.aftd the same, why* prefer- one^^ over the othef^ Y - we • favor 

logical form on the following grounds: 

- 4 - 
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•a: Seman tics ' . ' . ^ 

By vir'tue * o£ dt3 beinq a formal language^ a':logical form 

inherits a. wel^ d^^efined semantics, namely,, i.ts Tarskiah 

semantics. '^^Th^s is* not the case for network r epresenta-tions 

presentee^ i^n Vacuo (i.e;, without a translation mechanism mapping 

the network to. a logic)/ As Woods [19*75] poirOis out,* networks 

often fall short of this requirement. ^ . ^ 

\' 

r - • 

8. Computation * , 

> The. high level conceptual representation of meaning provided 

by logical forms encourages the formula^on of^ ' appropriate 

processing algorithms at an ^ equaWy- high conceptuaj^ level,, 

independent of ' h'ow these logical forms are represented ,at tne 

'j/mplementat ion leve]i>. This provides for per^p^icuous descriptions 

of algorithms, without' soecifvinq the irrelevant, CONS cell 

leVel, pointer ^ chasing / details required by; network 

representations. The., examples ^of Section IV, illustrate .the .ease 

with which such rules can be formulated,^ as well as their 

conceptual clarity. ^ . - / 

ft ' 

ij 

figp^gsenta tion ' ^ • 

Ther^ are tW© issues here: representational perspicuity and 

representational adequacy^ .The first is largely a. subjective 

% 

m'atter. We believe logical fo'rms to be'lnore readable and 
cOmpr-ehensiblp thap their corresponding network forms, especially 
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.when 'the usu=al networ k pr imi tiyeg ar&' censider'ably augmerffced in 

order- 1^0 cor rec tly r epr esent logical connectives and qaanti-fiers 

J, ' •* . ^ . ■^\» ^ * * * ' 

aitd'thei-r scopes [Schubert 1975; Hendr ix", "jl975]' / ' 

Jhe second i'ss'ue - repr esenvta}:ionaP ad^qiiacy - is far- mord 

'imppr'tant, larg'ely dean.ng wi'Eh th^ ability of a given meaning 

.representation , language » to fxpc^ess the meaning^ of - surface 

strings* A closely related issue is that 'of repr eseat^at ional 

. ' , ' / , * . 

closure* Can one t^ll, f^rom th-e'*given speci fcica^tion of an MkL, 

•what can and what, c^nnoli, be expressed^ within it? Becau-se"^ -any 

logical MRL has ,both. a well defined syntax 'and a welj. defined 

semantics, it r>ecessar,i ly exhibits a high\d^egree 6.f ^closure* 

xThi.s is not ' the ca.se for. network representations presented in 

va(Suo\ prec\isely because they hay? no semantics. Many - of the 

network -based . meaning r epr e.senta tions in current natural languag.e 

systems'* [Schank, 1975 ;' Wilks*, 1975;> Nornian and Rujnelharbv 1975J 

suffer from this defect, a .fact that makes it ext r emely* di f f icult 

to assess their' content. . , ^ — 

>i • It is .instruct ive in copnecti^on with the above discussion to 



note that these-^ry same issues were hotly^ debatexi_-witMn=:trh^ 



data base management community during the ear ly 1970 's . There 
too, the basic choice ^^as .between ^ network view of data 
(CO.DASYL, 1971]- and a logical, oT'^-called £elatic^al, view^ 
[Codd, 1970) ;~ Moreover , the arguments* advanced in favor of the 
relational' View we_re in many -ways isomorphic to th_^e we have 
m^ade favor ing logical form for meaning, representations. \t least 
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within th'^ data base community, the logical view * currently 
Dcevails, primarily -because" its high conceptual level provide^ 
so-called ''data- tadepende'nce , " i*e*, one's view of the data is 
indeoendent 'of implementation details* ' - - . 

... ' '" • : , , 

III. 911 ''^^P^^Pi^iit.e Lag real- Mj^Ls . , 

J • '\ — ^ , — ^ - - . . ; 

^ ■ \ ^ . ■. • . / 

la* the previous s'ection, we ^rgued on fairly general grounds 

in favor * of £or'mal meaning represen taction languages for natural 

i ' • ^ * * . • 
lanq^uage. Of coursfe, not ju^t any logical MRL will do , . At the 

• • r 

i ^ , 

very least, -any .such formal language must ^ provide -for 

quan t'i f ic^tion and the usual logical connectives, but even un^ler 

t(;)GSe^ ^requirements there remains broad spectrum of possible 

logical representations,. There, are ajt le^ast ^two diWen.sions*, to; 

this spectrum cor respond i'ng*-v to c representational l^v^l 
^ ' *■ > — — — — 

representational' structure.- With' ^ 'respect to ' , level , 

representations ' in- current systems *range from ver ^t" sur-.f ac»y " 

* ^ * ^ , 

.[SLmmons, )^l%y to very .J^deeg^, pr imi ti've^ased , ones' [vvilks, 
1975; Schank, '1975?^- *W^lks, in Computational Seroanti^cs .[Charniak 
and vvilks, 1976: 176] pr'ovides a good discussion Qf these issue-S/ 
T-n this ''p'^er,*. we us'e as ilttrstr atioa an MJ^L that keeps very 
close to the surface syntax and lexicon. We" dp so .J^ecause the 
comou tat ional 'tafe'k that we have' taken, as a "^forcing function" for 
an adequate ^ representation, namely, ident'i f yii\g possible 
antecedents for anaphor regolution, seems not to require a deep 
level, and is moreover facilitated 'by a "surfacy" one, at least 
for a broad and^^^'ilrter est ing class of phenomena, 
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s Our foetus in di-scussing loqica;L J ^RLs is on* their 

representational, structure-, * haye found tha't , .the Tiee'd^t"o 

. • ^ " , " " ^ / ' • ^ ' ^ 

pr*ov,ide appropriate an tecedents ' for an^p'hor . resolution suggests' 

certain '^structural constg^aints on possiblekRLs which gre'atly 

facilitate th;s process. In this connection, we efhphasize that 

.;we ' are not here proposing^ a fu^ly developed logical' MRL. To do 

^so would rei^uire, at .the * very; l^ast , adequate repre-sentafions 'for 

^ i • ' r • \ » ' * . . . . N ^ 

tense, modali.ty, mass terms, events, etc. - "i ssues^ whdch- we ^ have 
V . . ' • • • \ ' . 

s^' r>p far completely ignored. The MRL used in this paper is'me'rely 

;■' \ .* ' , ^ " ^ k ^ ' . ^ ^ 

^ display.ing 'certain forma^l structural properties' 

whiqh 'we Ijave ■ fouhd necessSr/ 'for ^ the identification of 
antecedents. Our belief is that any fUU'y .articulated 'logical, 
^^viRL wilt h-ave to p^bVide these structural unit? if it isj td' deal 
effectively with anaphora-. Accordingly , ^ onre way' of. viewing .our' 
proposal is 3s a set of design constraints -on' the structure of 
^oossible logical MRLs for natujra-l language.' • The ^remainder, of 
"tl^is section deals with these st;ructurar properties. \ ^ - 



A. , Lambda-expr essions 



~^~^:r~^ T - ^^-^ ' ' • " ' 

Fof^ a ^formal f^Rfc .to be ^degua^fefor the resolution- of Verb 
phrase ellipsis, it must provide iSor construct idnV .equivalent ,to 
lambda'-expressions* F.or e^xample*', the sentence ^opair 

* la. J>phn 'loves* M,ai:y. " " ♦ ' ' , 

2. So .does 5 ill'. • . 



. " 8 - 
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requires, as th.e antecedent/ o^j bhe'ellipsed verb phra/e; the'^ < 
formal construct X{x)'[Love x.^/Mary] corresponding to ."."lovinq 
lAaty" , whence thQ resolv.ed s-entence lb. becomes ' ' . ' ^ ' ' - 



• Sill, X(x){Love x/l^ary)' 
wlfich simplifies ^to 



/ 



Lov^ Bill, Mary 



-(Note- that our . pceferred notation \|ot:, 'applying 
lambda-'expire^sibn to an argument is to follow the" -atrgument by/the , • 
lambda expression, ,coi:i:esponding to normal subject-predicate word ^ 
order in English.)' : " ' ' 



|i£||^li£Q 2^ 2L^FiP-t.i2Qal and • Asser^t^ional - Information: 



Sinc6 .the ' antecedents of. .many . anaphoi^ ic expressions are ' 
descriptions, an' adequate formali^si?! must be. sd\ or^ganiz'ed \^ai * - ^ 
these descriptions, s-tand^out Clearly/ For example/ cohtid^r t^«^^ V . ^ 
•.pair of ^s^enfcence'^ . . ' . « *' -"^ <^l^\. ^ * 

■'■ ' \ - ■. . ' \ - r-' , - V " " 

Za. S^c^mercbtto^ T-shiirtiSr.are expensive. -V^^ ' ' / 
b. but not the. one that Mary, c^aj;^ to 'Sohn yesterdayr^" * ^ 

*In-a "fl'at". predi^^te'^calpulufi • MR*"* ' (ig^^^ilig "^the " distinction " *- 
.between -^some" plural and" "some" singular), sente/ice^^g^^ might be.^ , ' 

represented by ^ . . , X - , ' - " 

' * ■ • i 

(Ex). Cotton X '& T-shirt x '& 'fixpensYve x - . ' ,' ^ ' 



_^ 9 - - . - ■ . 
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Now intuitively, the antecedent of "one" in s.entence 2b. is 
something like "cojr'ton T-shirt", but f^o^ the flat pr.edic^ate 
calculus representation, there is no more reason to suppas^ that 
Cot;^on and , T-shirt form a possible anteced^t than Cotton ' and 
Expensive, cjr T-shirt' and Expensive or-any one or all'^'three. 
That IS, ^ there is no str uc tural ' mdicat ion that Cotton T-shirt is 
a. r ef ?r enceable unit, , We believe such an indication Is 'necessary 



in any formalism adequate for, anapho r • r esol ut ion • . 

Usi'ng' the structure of a typed logic > predicates that 

i 

constrain the"^- range of a quantified variable - i.e,, types - 
(11 ke- ^IP-shir t here) can be structurally disting.uished from 
predicates that assert things (as -"Expensive." does here) . 
Moreover, using the lambda operator, the; notion of type can be 
extended from simple one-place p^redicates to more complex ones to 
■yield all and only the allowable refer enceable entities.' 

'For example, we can represent ' , ^ 

ft 

"T-shirt" \ ' as T-shir^t 

"cotton' T-shirt" ' 'as \(ui;p-shirt) {Cotton u] 

0 "T-shir-t that^ .Mary gave> Fred^' as )v(u:T-shir t) [Gave Mary,Fredj 

(The^ first -is merely a shortl^i^a for X( u :T-shi r t ) [Tr ue]' . ) Notice 
that we are postulating a representation for "cotton T-shirf* 
that is mprJ^^ highly structured- than ^a simple conjunction of 

'Cotton' '^and T-shirt (T-shirt x & Cott.on 'x) / .Specifically, we are 

- • ■ ■ • ^ X, . ^ 5 

separating that part of the noun phrase ,* denoting the. primary 
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cl^ass to which an entity belongs (usually the head noun) from 
those, parts 'denotirig testiriet'ipns on that telas-s (conveyed' by 
adjectives and relative 'claused) ♦ 

• This yprovyldes yet anoth^E^ struct^ural property that a logical 



rMRL should possess ifi o^de^^to facilitate the ide'ntif icatio^n of 
antecedents for.'^'^naphor res^utaon. Consider 



3. Mary bought, a t ie-dyed,^ cotton T-shirt' and Fred bbyght an 
embroidered one. . . ' ... 

v^het'her intuitively "one* refers to "cotton T-shirt'* or "tie-dyed 

cotton' T-shirt" or merely "T-shirt", it must refer at least to 

"T-shir t" , the orimary class denoted by the noun phrase. Tltere 

i'S no^ way (pronominal ly) in English to re*fer; to a restriction 

wi thojj'tv also referricog to the primary class. This is Our- main 
. ' ' " • , ^' 

reason*tor keeping them distinct in'.pur logical MRL. 

^-4}^, AnotheV consequence of this separation , of descriptional -from 

assertional informatign is that it avoids problems that Woods 

(1975)' d^cusses with respect to adequate rep-resentat ions for 

' r 

relative clauses. First, sentences like "A dog that had rabies 
bit a man" and "A dag that bit a man had , rabies" can be assigned 
distinct represen tat ions / for example^ ^ . ' 

' ( Ex : X{ u :Dog) [ Have u , Rabies] ) (Eyr^Man)' . Bit x, y ^' • 

( Ex : X( u :Dog ) [ {Ey:Man) . Bit ^u, y] ) . Have x, Rabies' 

More importantly, processing, rules such ^ as those propg/ed in 
Section IV, can treat^these two representations differently. As 
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woods point 'but , ^conventional semantic networks fail to represent 
the d^i stinc t i|)n between ''thvese- • two sentences. From the 
p.erspec.tive, of the above discussion, .one reason for this is 
clear: * a conventional network is ,a representation, at the 
implementation level, of a "flat" predicate ^logic . 

IV. Examples ^ ' 

' In th^s section, we present several fragments of ^discourse, 
each containing anaphoric expressions - proqouns and/or ellipses. 
Kecall tnat we are not concerned here wjrf.th the kinds of ej^te'r'nal 
knowledge needed to choose among possible, antecedents _for an 
anaphoric expression.* 'What we a^re concerned with is insuring 
that ' ' 

* vl . in cases wnere tne antecedent of an anaphoric expression is 
not explicitly pres-ent, it can often be de;: ived 'through 
purely syntactic manipulations of an appropriately 
structured MRL; ' " ~ 

2.* the properties we have Q^ro'posed for a logical M^-L make such* 
marxipulat ions siTiole to express and apply. • 

, Since developing our approach to anaphora and logical form, 
we have discovered th'at it is compatible^ with much that is 
current in transformational linguistics today. (For a survey of 
current ideas on anaphora irt linguistics and psychology, see 
(Nash-webber. , 1977]*.) With respect to a level of "logical form", 
Chomsky [1975] has argued/ for such a level within a two-stage 
system of "semantic vinterpretat ion" . , In this .system, surface 
struc^tures 'are first converted to logical form.s by semantic 
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interpretation rules "involving^cope, . bound anaphora, thematic 
'relations, etc^. [Chomsk;^, 1975 : 10^] . Tl!ese logical forms are 
'.then subject to further interpr etat ion ^by other semanti'c rules 
involving discourse properties,^ situation, communicative 
intention, e^.v [Chomsky, 1975: * 104] to give 'fuller 
reotesentat ions of ^ - mean ing Moreo^v^, a primary reason for 
postulating , such a level seems to be Chomsky's feeling 'that the 
"general principles of anaphora apply;tp logical* forms rather 
tnan to sur face • struct ures directly'* [Chomsky, 1975: 241 ft. ^31] • 

T'ne 'no.tion that verb' phrase deletion makes reference to a 
logical repr esen ta-t ion of the sentence in order^ to rdentify. 



"identical" predicates, late'r instances of yhich may be* 'deleted, 
has been advariff^ed *j.ndependen tly by sev^al linguists, including 
JSa^T 1976;' Williams, 1977] ;Moreover , the logical form adapted 
by these two has a form simile to ^Church's lambda 'calculus. 
^.Even the notion that pronominal antecedents may not be present 

/ . ^ : ^ ^ - ^ - ' ^ 

linguistically, but may have to be derived can be found ^ in the 
current linguistics literatu^as well (Bresnan, 19.71]. ^ 

With our: ■ examples , we give a small set of manipulation rules 

which yield ^the needed antecedents. We make no claims for ^the 

completeness of these rules; there obviously remains a great deal 

of work''' to be done along at*ese Ijbnes (see Section VI) • ^ We do 

believe/ however, that "the examples^ indicate the utility of our 

% • ^ 

basic approach, and that this approach provides a promising 



'"-rfir ection for further resea*cch. 



\* V *^^^vn.aph6r a- and Logical Form 
' ' A," Implicit Sets . ^' ^ 

* Our first example illust,rates one. way of deriving a s^t as-a 

c^Vididate antecedent for " they " Consider th^ .sentences 

, ^ »^ 

• ■* * , , » ' , 
" 4a* Mary gave each boy a T-shirt. • ' - ^ 

t>. She bought at*^Macy's., 

The first may be represented as' ' T ' 

, . 4c. (VVrBoy) (£y:T-shirt) . Gave Mary, ^ y 

[TOt simplicity, we will ignore^ the fact tna,t Teach boy" i§ 
:n*oo.^bi anaphor ic , referring to -each- «boy . in some previously 
Ttentioned set or one implicitly defined^ by context,* ani^ treat it 
r:jtior as universally quantified noun phrase*) 

;>iOtice that we are considerinq each sentence 'individually, 
since we want, to ass.ign it a rep'r esenta t ion that is correct, but 
wnich does not depend on what Tay folj.ow. ^ Ihe' resul t.^wil L often 
oe 3. reading that is ia some sense noncommittal: ..it will^fee vague 
l-xit true. If subsequently we 'learn moce about thV^'. si tua t4on , we 
wil'l refine this re'pr esentat ion to ^.eflect our new knowledge 
state, as should become clear^ through the ^following examples. 



^ Th6 second sentence^ we repr^sertt initially -with :^%ts 
anaphoric elements overtly marked, that is, ^ . ^ • , o / 



4d. Bought SHE^^, THEY^, Macy's, ^ 



3 ; . 

(We subscript the^ pronoun symbols merely to keep several 
instances of the same one di^stinct, as would be the case in "They 

- 14 - ' • 



Anaphor a and Loq ical form. 



t4ianKoj nen^tor them".) <Next; we identify oossibTe referents for 
ta'e anapn(|>ric ter.Tis, Sirnce r^ary is the only female around, we 



trivially 



assign ner as tne referent of SHE^^. 

Kejar ding candidate , antecedents for Thihf' ,^ we postulate two 

ways of detriving possiole sets from sentences like 4a, 

U cormi tne set description 'of any ,tyoe restrictini a 
jni>^or3aliy Quantified variable. Cv\e reoreserit 'tne set 
Jesc.C'ipt ion of type C- oy {x|Cx}.) • i 

^\ Let oe a (pr'ior) formula not containing 'the anaphoric 
element ^ihti:, nor any negation in tlje mam clause.. (In the 
current exampi^; 4c. olays the role of a.) Suppose v\ has an 
::xi3tentiaHy q'uantified variable y that, -lies within the 
' 3cope» of a universally '"quant i fied '.^Ajar iaMe . Form JLhe set 
aescr^lptioif of tne set of y's satisiy in-g ^ v\ . Tnis is - a 
5t:r aihhttor ward procedure, -irjvolving the type of y 
^restracted oy an expression'deri^iffg from \v . Details a'te 
' ,,3ivenr in [.Masn-rteooer , f or thcomingi , but the examole shouli 
•suggest Its oasic outline. 

■ • ' 

inuS; sentence 4l. yields { x I Boy x}, the set of .boys, via^ the 
first procedure, and {vlT-shirt v & (£w:Boy) . Gave Mary,w,v} via 
cne second lone, i.^* tne set of 1-shirts, for each of which, 
tnere is somi ooy to whom Mary gave it. Substituting each q% 



tn"e4e sets in\ turn for THLY^, yields /, 
4e. Bought ; Mary, {x|Boy x} ,. Macy s 
t. Bougnt Mary, {v|T-snirt v & (Ew:3oy) . Gave :4ary;w,v}, Macy's- 

ihat is., either Mary bought all the boys at Macy .s or she bought 
tnere all the l-shirts she gave out.d)" Real'^ wQ^ld khbv/ledae 

would now oe needed to dhoose the more plausible reading. 

^ I 

J X 

Representations 4e.^f. are -somewnat simplified with, resbect to 

-15- . / /• 
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^ ' . ' ' Anaphora ^and Logical Form 

^'Notice that' rn English the pronoua "they", as- well as many 
;prural noun phrases, are ambiguous betwe'en' a ♦collective reading 

.("all together") and. a (3i s):r ibutive^ one ("taken one at' a time".). 

Sometimes, a lexical item will indicate tha^t a plural' should be 
.understood- distr ibutively', as "^ach" does in "Mary's suitcases 
-^ere eagh weighed at the airport".' Sometimes/ semantic 

selectlonal restrictions can be used to choose between the two. 

For "exa'mple, '"pile"- requires a collective interpretation of its 

object: "She piled them into a heap" doesn't mean "for each one, 
'she piled it into a 'heap". But often, only unknown aspects of 

the situation can furnish the appropriate information/ For 

example, if we learn that "Mary's suitcases were weighed' at the 
f 

airport",, we^cannot say' for certain whether each one ^as weighed 
there separately' or just the whole lot together. 

In line then with the policy described abo^^e of always 
opting for . a "vague but true i.nter pretation , rather than making 
unsubstantiated choices, we will rnterpret plurals 
non-distrtbutively , unless or until additional information would 
lead us, to an alternate decision. 



tEe rf incfrcatron""" ol ~ fesoFved ^anapFfora Tr7eT"~"by simple 

substitution of their antecedents), since it 'is* important to 

distinguish whether' . the original representation contained an 

anaphor or a full term (see Example C.2 below). 



: r . ' c Anaphora' and Logical Form 

i'yjp e > Antecedents • ' ^ " / ' ' ^ 

• our rvext example ^illustrates ' the id.enti f ica t ioh of 
descriptions as -candidate antecedents for anaofioric "\9ne" . 

5a. Mary.gave eacn ooy-a ^reen T-shirt.- 
o. She gave Sue a. red one.. . ' * 



vvfe interpret sentence 5a. bike 4a. above, except for the 
a^.ii tiona 1 *aiodi t ier "green'*^ oh ixsnirt. 



(Vx : Doy ) (cy : X( u :l-5nir t ) (breen u]) • Gave Mar-y, x, y 

::)entonce 5o. can oo represented initially^ as 

' (Dz:X(u:t'?) (KeJ ul ) . Gave ShC, , Sue,-^z ' 

laat 13, tnere is 50f.::\e tnin.^ of unanS^w*n* ^yoe -*P^*'-M:nat should tie 
•-ierivaDle from cpntext, .whicn we know exqricitly is reel, which 



some Known female ShL'j^ :|ave'Sue.. ^lai;^ task \s now to identify 

i 



'uoss'iole antecedents tV)r SHd^ and P?^. 



ir ansforma tional amiHar ians , incl[!uding [^fangacker, 1966; 

Keinnart, 1976J , present us with a s imple syntactic criterion for 
• • * 

rejecting Sue as an antecedent 'for ShE^: "she" precedes "Sue" in 

tne surface sentence and the node iri the parse tree for this 

sentence off whicti "Sne" hangs neither, "commands" (Langacker's 

tef m) n^r "C-commands" ( Keinhar t 's term) the node for " she** . So 

again oy default, there being no other females around, we assign 

I* 

wary as tine referent for ShE,.' ' . ' 



- ' . . - . 'f m "*-lAnaphora arid Logical Porra/ 

. ./As "for. P?, its. possibl^e antecedent?' ihclude' all "treceDtly*'^ 
mentioned ^ types,- independent ,oJ[ the particular .quantifiers;. 
(?^Recent'* seems to mean *here ' the qurrent sentence, the previ'ous 
or)4, anci' perhaps the one before^ tViat. It does 'not seem ' to . be 
affected by- task structure (De'utsch\ 1975) or; story structure', or 
^ny of tehe other factors* that se'eni^o change the set of available 
'antecedent^ f or ^def lai te ''pir onouns , "he", "it",, etc.) 

\ ' The ^ types explicitly ' given in example 5 are': ^oy, T-shitt 

and X (u :T-shirt) [Gr^n u]. Notice .that .when one type is 

constructed out of -other types via ' thfe lambda operator, we 

include them^ all as possible candidate antecedent^. -Prescribing 

e^^?<?tl-y what criteria one would use to identify the most 

plausible^ antecedent for P? , or in what; way one would 'apply them, 

is -not -within t;he scope* of this oaoer. But they would include 

the semantic priteirion that one be aj?le to predicate Red of an 

entity of type P?. Thi,s would eliminate " >v(u': T-shirt) [Green y] 

through application of a "clashing, color " axiom: if something is 

t - * ^ * 

green, it^is not red. (Noti^.>C4Tai:— if sen te^nce^'Db . Jxad been 

5b'. Fred, she gav ^ an ^ext r a-large. o^n e. 

there would b^ no"reason tQ eliminate this.^ description as a 

' - ' ' \ . * ^ ^ ' . 

prausi%i% antecedent..) Urid^r* rhetorical criteria, we -would ^ 



expect pac-allflism to' argue for plausibility*. That is, if two 
3uccessiv^ "Sentences ^are str ucturally^ similar (^'parallel") and iri^ 
the 'latter, anaphoric "one" Kelps to fill role R (here, the 
object),* then it has a^ v.ery '^plausible antecedent in tiie nqun 



\^ ' ' ^Anaphora an^d Logical, Form 

5 * , * * » *' 

phrase*' ' fill ing ^role in the previous' sentence (here, the 

previous object ^'a green T-shirt"). But ojur point here- is not^' to 
specify procedures ^or ' ofioosing among 'candidate antecedents; i*t 
IS rather to show how 3. .suitable logical framework provides in ^* 
Straightforward way all and 'only the appropif^iate possibili^ties. 



^* P ^_g^ X c a t e ""A n t ^e d e n t s ^^^^ 



The 'next few examples iH.usi: rate some problems involving 



verb phr ase^--e4r44^sis,^ which are handled rather neatly within .our 
f r'amewo'r k . . ' " ' 

'6a. Mary gave .Sue 'a T-shirt. 
V ' • b. Jane did too. 4 

* V * • » • 

The represervtat ion that we^^ssign to sentence 6a. is ^ % 

.-^ (Ex ^T-shirt ) . Gave Mary, Sue, x ' n , ; 

, Sentence '6b., we interpret as predicating something (P?) of .Jane 

* ' » ^ ' — '"^ 

th^t^had previously been predicated of sc4eone 'else : 
* * ^ ' ' » ' ' 

. P? Jane ' , , . 

To identify ppssible antecedents for P? , we find the 
iDne-*|)lace predicates that either are given 'explicitly or can be 
de^i;v6*d via lambda abstr.a^tion on^th.e subject position. (Again,- 
one 'probably need onl^,seai;ch f9r -^uch predicates in the current 
sentence if it has several clauses or in the one ar two sentences ^ 



> 



' ' Anaphora a.nd ^ Logical 'Form 

Immediately preceding i't, as'- thffe half-life- of predicate 

- antecedents^- aike that of type an t'ececjents , seems to be very 

' * short* Note that we are viewing ^t he*' fi£st 'argument f)lace' of a 

^pre'^icate as .corresponding to surface subject position. Though ' 

^ this 'requires a differert^ representation for active and passive 

Signtences, we* see'^'the need fo-r this on other grounds, for 

.example, their difference with 'respect tfo . simple- verb 'phrase 

* delet:ion f < . - ~ . ' . - . 

^. . . \ ' r 

John hit a linguist * . * 

FTe^ did* too". ' , 

w ^ ' . 

as opposed to -'^ ' . - , ^ • ' 

-John was hit by a linguist. - ^ 

Fred was too. 

*Fred 3ra^~too.l ' \ * 

, '\ . • ' • * ... . . 

This example *is' simple in that there is only one such 
one-place pr e^'dicate -abstractable off a subject.- " ' - ^ 

■ ' • ■ , .••,•■"( 

. ^ . (Ex:X-shi^t) . Gave r, Sue, x] . 

that i's, giving Stie a- T-shirt. Substituting ^ for P? yields ^ \^ ^ 
Jane, -X(r) [ CEx'rT-shirt) . Gave r> ^ue, x] 



^ which is equivalent 'to 

o 

(Ex :T-shir*t). . Gave Jane, Sue x " 

( ^ ' ' • ^ ' 
' ^5^te that this representation does not commit us to both ^ girls 

I ^ haviftg given Sue ^the same^T-shir t . nor need they be -di f f e,r ent;^ 

The description of the'iirst one is ' . " 

. * " • ■ ■ ^ . \ • • • / 
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r\z: T-?hirt *2 & Cave Mary, Sue^z* 



"a'T-«hirt that Wary gave Sue", where indicates the indefinij:e 
operator'., (z. might be called fri' Engl'ish "the T-shirt which' Mary 

• . * ' * * - 

gave 'Sue" if no other T-shirt 'in - the discourse meets this- 
description'.) 'The second T-shirt i'S d?sctib.able as 



'f^w: T-shirt w & Gave Jane, Sue w ' - • . 

"a T-shirt that- Jane gave Sue". • , . , . . ^ 

It IS important to be - able , tb derive^ such descr ipt it>ns , 
since the .entities they- describe may serve as antecedents for- 

' ^ • ; / 

'later anaphoric expressions,, for example, - 

6c/ Neither of \hem fit her. ^ ^ • 

where "*them" refers to the implicit set of 'T-shirts giv^n to. Sue, ^ 
who is also the mos^^ antecedent of ^ "her". 

Our next example illustrates a p'henomenon that has' been 
ca.Ued' the "sloppy identity problem'' (Ross, 1967] . It-'ji'^/olves 
accounting vfpr . the appearance of an ^ddi tional"^ -t^adirfO' for 
sentences <*on.taining deleted verb phrases. , That is, while' 



sentence 7a. seems unambigu^s, sentence 7b. might mean" either 




that Fred beats Gar^th-^'g^i f e or that he bei^ts 'hib own. How do^we 



account for ti/is?, / ^ . v 



Anaphora and Logical Form 



a: 



7a.. Garth beata his wife, 
b. Fred doe's too. 



We assign 7a. an^ initial representation In which its 

anapfi(^ric t<erm is overtly marked. 

>' • 
•7c: Beat Garths 's(Wife) Ht^^ * ' . • " 

(where^' s 'is' defined to be a function 'that takes a urfary 
predicate like .Wife, .School, etc., and returns a function, li'lje 
'-^wi f e^#^V^^ " s^fiool-of " , etc. 's(Vife), ~ for example, is- a 



■^-.v*" function that takes a maa as its argument and returns his wife: 
-fej^ar ( wi f e) John is John s" wife. Having a function like 
-elimijiates tj;ie need to postulate a' sei)aDate- " Y--of " .;^^anction f o[r, 
every umary predicate \.) : , • \ ^ ' 

c 

vNi.th no^other male around, we can assign H£^ to Garth by 
def aul£ , . that is, . ^ ' . / \ ^ ' ^ > , , 

7d^. Beat Garth, ''s(\\ite\ Garth'' 

\ve assign Sentence 7b. the ^representation . . 

7e. P? F^red 



/ 



\ 



Now, while ^here are no expli^cit one-pl*ace predicate's around to 

serve as an an teceden tl f or P? , there are two ^w-ays in which * to 

abstract one fro(n-7d. ^ , [ -'.^^ 

• ' (i) >."(r)[Beat r '-sX'Wi f e) Garthi " * ^ ' 

(ii) X(r) [Beat r,, 's(Wi^fe) r] ^ ' ' • - ^ 
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The first reptiesents beating Garth's wife and the Second, beating' 
one s own. Substitutijjg for' P? / we get the' two plausible 



readings 



fred-, X(r)[Beat-^, 's(Wife) Garth) 
Fred, X(r)[Beat r, 's(Wife) rj 



.That is, either Fred' beats Gartfi's wife ^or he beats his own.. ' 

(We noted earj^ier the need. ta% distinguish j whether an 
, argument place, was originally filletJ by an anTaphoric expression 
or by a f-ull noun phrase. pbj>erve ,that if sentence 7a. -had' fe^d 
"Garth beats Gar th '^s* wi f e" , which would-be represented' simply as 
7d/, the following senten^ce , /'Frad does too^', ^^ouid ^ only^ mean 
that Fred -beats ' Gajr th ' s -wi f e . Whiae we' have simpLifi^d' things 
fori this presentation , in, an 'actual -implementation , wb wopld Kave 
to 

" G^r th 

aq^tc'actiQns . ) 



indicate .**,he = Garth", rather-'than simply replaeiri'g "fi^f ^wWh 
in order J^^fco deriveVa^l "^and only the cor re^ lamtka * 




3. Abst rac ting Predic^^ from Non>SUbject Posit^^ 7^^"^ 

next exarapfe is to iJ.lu»t||U>^ abstract ipg 
;pp-ediQat4s from ^ pos i tijj^ns ^.^o^er than tbe /Surface' 
Ip/ E^i%i:i<'*'-"l'ikev?fee% \:'to3^ /"sii 
by 



preposi-tion and' th^n -by a nqtun phr^be 
indicate ^haK^tne 5ole ^filled by ^he xmt noun phrase in a 



The point of - th 
/ibne-place 
subje/:t^ 



'similarly", etc y^, 



folJj^pwfed^ pptioqa^ 



previously/ mentiorr'e^,^- predicate is a non%Bubjecb one\^ ' lUs 
earlier , 



ERIC 



illustr'ated, earlier , a noun ,^hr"as£* followed by ""an ^lixiMarv 

J' • ; 



* - Anaphora and Logical Form ^ 

recjuires that th'e noun phrase fills .the subject role of a 
previolTS^ predicate . ) . , 

8a> John hit a cop'. - , ... 
b. Likewise, a CIA agent. ^ ' ' 

The first sentence may be represented ,as 



^ 8c/ (ExrCop) . Hit John, x 

and the^econd one as 

Bd.^ (Ey:CIA-a^ntJ^ 

where (?? stands for an anaphoric predicate like P? , but one whose 
'argument fills a non-subject role. - ^ ' 

To resolve (??, we mu&t^ identify *thre on,e-place p'redicates • 
that can be , abstracted from non-subject positions. From 8c., we^^'^- 
get 

X(.r) (Hit* John, -r ] " ^ , . 
-whith, substituted for (??'J.n 8d . , yields 
" (Ey:ClA-agent) . y, >(r) Hit John,, r 



that is,, "Likewise, John hit a ClA agent." 



It might appear that one could resolve "likewise"-elllpses, 
at the-, level of the sur tace\str ingf alone, but this is not t^^he 
case. Con^^Mer the following 'example: ' » ^ ' 



9a. John gave Sally her present. 
. b. Likewise, Fred . 



Anaphora and Logical Form 



Obviously, while substituting "Fred*' for "Sally" in the' surface 

String would yield an in terpret able sentence, "John gave Fred her 
♦ 

^pr^sent", this not the only, nor the most plausible reading of 
the ellipsis in 9b. . ' • / 

We represent 9a". as * " • 

9c. e^ve John, , Sally, 's (Present) * SHE^ 
which^ we interpret as 

9d . 'Gave John, Sally, 's(Pr^esent) Sally * ^ 

she being tt^e^^only female around. Sentence 9b., we' represent as 

9e . 0? Fred . ^ ^ ' - , 

To resolve G^?, we identify the one-place predicates that 'may jpe 

abstracted from non-subject positions. From 9d . , we get^ 

* i.X(r)[Gave John, r, 'slPresent) Sally] 

ii . X(r') [Gave John, r, 's(Present) r] 
,iii . X(i: ) [Gave John, Sally, r] 

substituting for (?? and flattening, for clarity, we get" 

"Gave John, Fred, 's(Presei^t) Sally ' -s - ~ - ^ 

"Likewise, John gave Fred Sally's present," 

Gave Jo'hn, Ffed,* 's (Presen t>|^ Fred 

"Likewise, John gave Fred' Fred's present." 

Gave John, Sally, Fred 
' ' "Likewise, John gav^ Sally Fred." 

Again, the preferred' interprfet^at ion would J:^e chosen by using 
wot Id knowledge . 



Anaphora and. Logical Form 
• ' 4. Abstracting Cpn joined Predicates 

Our final example of predicate anaphora illustrates another' 
necessary way of deriving a cana^date antecedent: by. first' 
, ^ conjoining predicates, applied to the same argument and then 
abstracting a new predicate of t the common argument. That is, 
given , , - • . , y ■, 

followed by (or explicitly conjoined to) 
Oz^/...,y,... 

4 

we can derive ' * - 

y/*X(^^ [Px^,...,r,....&Qz^, ...,r;...] - ^ ^ 

,To illustrate the need for such a rule, conside^r the example^ 

10a. I walk and- I chew gum. ^ 
b. Ford does too, but not at the same time. 

These we represent as * - ' . ' ' 

Walk I & Ghew-gum I . ' • 

P? Ford , ' . \> ^ ' 

(Since we have not introduced a representation for tense, we 
cannot represent "but pot aV the same time". We ^hall use it 
informally, rather, to constrain possible antecedents for P? . 
That is, P? must, sensibly refer to -two or mpre actions which are' 
not done by Ford simultaneously.) 

To resolve P?V we must identify the' previous ,one-place 
predicates. Walk and Chew-gum are given explicitly, but 



- ■ Anaphora and Logical Form 

substituting either one for P? leads to an unsatis'f ac tory jresu'l t , 
^neither being compatible w^ith-"but not at the same time" (e.g., 

"Ford can chew gum, but not at the same time."),. Howev-er , the 
^above rule yields another one-pl ace -predicate , namely 

>(r)[Walk r & •'Chew-gum r] . * - 

which is a plausible antecedent for P? ^ * 

D. "Donkeys" 

A? our final example of how an appropriate logical 
representation of a sentence can yield antecedents necessary for 
anaphor resolution, we will consider a\ particularly ^ bothersome 
class of 'Sen tences , illustrated b^example 11. *^ 

11. Every man wl:;o owns 'a donkey beats it .. 

The pfoblem lies in identifying antecedent of "it".* It is 

not "a donkey". The sentence does not mean tl^iat every .-man whcj 

owns a donkey beats a donkey, but rather that he beats -any;donkey 

that he bwns.. Moreover, there is no way. of construing the 

axis tential- quanti^'ier associated with "a donkey" such that "it" 

falls ^wi tiiin its scope.. How does the^ correct: antecedent > for "it" 

emerge from our framework? . , ^ ^ 

«-» - , ^ 

'We fiTst a^ssign sentence 11 the interpretation 

I % 

(!)• (>i X : X(.u:Man) [ (Ey:Donl<ey) . Own u, y]) .-Beat }, IT^' 
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■ , ' . - ■•/■ ' " • . 

^ ' ^ • 

That 'is, for every man for whom there is some donkey that he 
owns,, he beats it. Now while there ;is nothing explicit to serve 
as 'the antecedent" for ^'it", it turns out tfiat "it" can also 
refer^ce a certain kind of functional entity ^which arises from 
.e-xistentia-ls. * ^ • 



/ We postulate the following rule for ^identifying; a possible 

antecedent for IT.*' .... 

1. Find a type restriction which • contains an existentially 
« quantified variable y not within the scope of either a 

universal quantifier or negation. . 

2. Determine -the description of y with respect to .this typ'e 
restriction: any entity which satisfies this descr ipt ion . Is 
a possible antecedent for IT. (Again, we ornit^^' th^ 
specification of the rule for determining y's description, 
although ^one should be. clear from'the example.) 

. ' ^ " - - 

For (i) , there is one such type restriction - [ ( Ey :Donkeyy . Own% 

u,yj% Th^ description of the existentially quantifies ^ is 

i ' . 1 

4 ' ' " 



(ii) (ny:.'"^^trey^-€r Own u,y] 

That is, it is a function which, given a u, returns a donkey that 

u owns if u owns a donkey. For a given x then, rj^y: Donkey y .& 

Own x,y is a donkey that x owns. - Substituting info (i) yields 
* *■ ^ 

(iii) (>^x:X(u:Man) [ (Ey:,Oonkeyi Own u,yj) ' v 
. - . Beat X, f|^y:^ Donkey y & Own x,y 

■« ^ 

Notice . that-" this rule' is independent of ♦ how the type 

containing the existential has been quantified. Thus, in ' 

12r^ Some m^an who own3 a donkey beats it. ^ 
» '13. WhiQh man who o.wns a- cjonkey beats it? 
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the antecedent of "it" is the -donkey 'obtained by applying 
function {i5*) to the quant if iexi-'varlabl^ associ.ated with " 



man' 



V. Discussibn ^ |* ^ 

The examples of Section IV were designed to illustr^ate . the 
feasibility of deriving ' possible antecederits fo.r anaphoric 
expressions directly froilff. an appropriately structured logical 
representation. tfotiire- that b'asic^o tHis repr e^sentation is an' 



adequate indicaticm' of the scope of . logical operators 
quantifiers, conjunction and negation - for. otherwise , we could 

o . • • • : ' • J / 

Ijot^deal correctly with antecedents arising from ^ existent ials 
"(e^g., the examples in Sections IV.A and IV. D). Also basic is 
t'h^ recognition and correct attachment of »modifiets ^ - relative 
^clauses, pr epositi-onal- phrases,, prenomina^ modifi^er^, ete"^ - 

Scessary for cor r ect ly'^^handl ing "one" anaphora (e.g., Section 
.B) . Taken together, these impose the- r equi r^eiT^nt of a 
pre-processor for mapping surface strings onto logical forms at 
least as^powerful as thpt --of the LUNAR system ^Woods et alv 



1972]; It' follows that much of the burden of antecedent 
iden t if ication 

given the need • for an appropriate logical form before our 
approach can be applied^ 



•is actw^lly b^ing placed upon this pr e-pr ocess'or , 



It^ should also be e4ear that what we are describing in th^is 
paper i^ essentially a compe tence mod£l tor.^' anaphor resolution'/ 
In its crudest implementation/ one would first generate a set of 
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possible antecedents, and then test each of theae' by plausible 
reasoning ijsing general world knowledge. Of course^ we are no't 
seriousl-y proposing such a generate and test implelnen ta t ion . 
There are a variety of heuristics that can be invoked to aid tThe 
choice of a most probabl'e antecedent, and any performance model 
must make use of such knowledge. (Heuristics foif assigning 
antecedents have^.-been proposed^ throughout the' linguistics, 
psychology and literatures. See [Nash-Webber , 1977] for a 

discussion of many of- tt)em.) .Nevertheless, even a performance 
model 'must have the ability to determine the space of possible 
alternatives from which such heuristics are to make their choice. 

Since some of these alternatives may not be present explicitlyji 

♦ / 

it is *here that "the approach of this paper becomes relevant.- 

VI • Fur th^r Pro|)lems 

As "vthis xpaper* is necessarily brief, we do not have th*e space 
to discruss at length such interesting issues as the effect's of 
negation or various opaque contexts on the kinds of' antecedents 
evoked. These ^are discussed in [Nash-Webber, forthcoming]. We 
will, however, mention one such issue — the problem of 
existential noun phrases in negative contexts. 

The scope of negation is inherently ambiguous , and aS" with 

quantifiers, different scope interpretj^t ions yield different 

antecedents. ' * Moreover, some i^iterp(:eta t ions may yield no 

» 

antecedent at all. For* example, ,^we know * that in a* positive 

- 30 - ^ • - 
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context, an existential noun phrase will always result in an 

entity which can be described in terms of that context. ' So, if 

John married a Swedish girl, "she'' can refer to the Swedigh girl 

* ! •* 
tnat John married. .However, in a ne.gative context, "she" may 

refer. to other entities., depending on how th.e scope of negation is 

interpreted . ' ' * ^^^.^ . 

NO.] a ted Verb ^ •* ™ , . 

14a. John didn"^t marry a Swedish girl. 

b.'He lived with her for thre'e years. ' ' » 

("she" = the Swedish qi-rl John was involved witJi) 

% 

\ega*ted Modifier . ' ? 

15a. Jonn didn't marry a Swedish girl, 
b. She was from Denmark. 

("she" = the girl John married) 

16a. John didn'.t marry a Swedish girl. ^ ' 

. b . ' She was at least 15 years his senior. 

("she" = the- Swedish female that John married) 

Negated Proposition ^ ^ * % „ ' 

17a. John didn t catch a trout. 

b.^*He ate i^ for dinner. ^ • 

Again, we would Vant "to" postulate a neutral / initial 
represent a'^ion for negation, one that might be vague, 'but would 
nevertheless be true. Only when we were required to - e'.g., in 
ord er to r e_solve an anaphoric expression ~ would- we then attempt 
to make a commitment to the scope of negation. (Notfe that 'a 
belief context poses much the sam^ problem as negation, i.e. that 
of determining the scope- of belief. For example, in' ' ' 
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19-a. John thought he married a- Swedish girl, 
' ■ ^- she w-as really from Denmaxi. 

as inl^anple 15 above: "she" is the " girl that John nl^rried. 
• -Here again, .it i'^ only t'he modiVier "Swedish^', that should be. 
taken as- falling within- the "scope of belief.) . ' * 



AS we me4itio1ied e-ar^er, ^fore. ohe can fix" on a .paryicular 
cep^esentation -language, one m\st provide for mass 'ccLl^s ;' for 
tenso; for quantifiers other thai ..niiersals and e> iitentials ; 



•for^ facte, -vents,^ states o,r>acts; and f or- gener ics , 
thi.nq3, as the ^following examples 'illustrate. 



amsng other 



19a. when John ^spi 1 led .beef'-^on fehe sofa; 
•Jb. ^his dog -licked it up.'"- ' ' \^ V ' 

-("it" •= the -spec i'fic"^uar^ti£y of-beer John spilled on 
the sofa) • • «^ 

20. John drinks beer because it tastes good ; 
-("it" = beerj - , • ~ ' 

- 21a. Mciny linguist's smoke, 

^^b, although they know it causes canger . ' 
.-("they" = the linguists wHo smoked 

"it" = smoking^) . ^ . " 

" • ] 

- 22a. .F^w linguists smoke, . ' » f 

. ^' i^QES .they know it c^TTses cancer, 
-("they^ = ringuists,) • . ° . 

23a.. A beagle smiled a't me yesterday. 
_b. They are very friendly dogg. . ' ^, 
-("they"^ = the generic class of beagles) 

' • * 

.24a, John dunked Mary's braids in the inkwell. v 
n.^: ^-^^""t^ i^l ""^^-^ her. cry, he apologized for doing 
-( it^. =.,.the event of John 's . dunking Mary's braids 
in the in-kwell; 
"it^" = the "act of. dunking Mary-s braids in the inkwell) 



<3 



i^2' 



Finally, although. ' we' have ' indicated the need f or- pi ausible 
.inference f9.C^choosing .an appropr iat-e candidate from a set of 



- 32 - 



^ ». . Anaphora afhj Logical Form 

pdssi-ble antecedents (e.g*. , Seotion IV. B.). it is also t,he Case 
-th'atx such in^erencir^gS^may be needed to derive ^ss^ble 

antecedents. Tfiat is, not (all f)ossibT.e antecedents 'are * 
'li£.-^t!i££l^y derivable. * 
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V. 25a. yesterday I saw a^couple in the pa/k. 

^* !i£ wearing^ shorts and she h^d on a dashiki. 

Clearly, yhat is re-quired is some^iort of qeneral knowledge ' -of 
tne form: "A couple' usually consists of two individuals; one 
Tiaje and one female." ' - ^ 

Although we can see no a' priori r^easons why a formal 
approach could not accommodate the use o.f plausible reasoning in 
the derivation of possible antecedent s , we have chosen not to. 
explore these issy^s ^ in this paper. Rather, our intention in 
this work is to first' determine just, how far an essentially 
syntactic approach can be pushed. 

In this connection, notice that our ^ treatment of all of tlie 
examples of Sec^^on iv has a aecidedly syntactic character-:^ 
descriptions of those entitie's' propos-ed as possible, antecedents - 

■r - * ^ » 

ar-e- either explicitly present in some foDmula of^ the MRL, or can 
^be derived from, such a formula by appropriate local operations on- 
its structure',' independent of the availability of general worW 
knowledge. The determination of possj.ble an tece<3eftts. based on 
such purely syntactic considerations and tihe formulation of 
design jonstraints on MRLs . to facilitate this proc'ess best 



describe the objectives of this paper. / 

- 3t> 
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